
UNCLASSIFIED 
? 

KefWMoced 

mi ike 

ARMED SERVICES TECHNICAL INFORMATION AGENCY 
ARLINGTON HALL STATION 
ARLINGTON 12, VIRGINIA 

UNCLASSIFIED 



NOTICE: When government or other drawings, speci¬ 

fications or other data are used for any purpose 

other than in connection with a definitely related 

government procurement operation, the U- S. 

Government thereby Incurs no responsibility, nor any 

obligation -whatsoever; and the fact that the Govern¬ 

ment may have formulated, furnished, or In any way 

supplied the said drawings, specifications, or other 

data is not to be regarded by implication or other¬ 

wise as in any manner licensing the holder or any 

other person or corporation, or conveying any rights 

or permission to manufacture, use or sell any 

patented invention that may In any way be related 

thereto. 



JAN 2 9 1957 
AKMED í'OHCE.S 

SPECIAL WEAPONS PROJECÏ 

c. r 

MATERIAL LABORATORY 
HW Î01Ï NAVAL SHIPYAKD 
1KOOSLTN I, NIW YOU 

Classification (Cuttcollfcd) 

By AutHorlto* of JZfês&ftQ 
Bf 

mmm 



mclássifieo 

RESEARCH REPORT 

on 

THE THERMAL RADIATION CHARACTERISTICS 

OF AIRSHIP FABRICS 

Lab* Project 50I46-3, Part K)6, Final Report 

NS 081-001 

Technical Objective AW-7 

AFSWP Í012 

10 October 1956 

J. Bracciaventi and R» Ce Maggio 

Optics and Nucleonics Branch 

J. «¡U Mc(^EEVY, Head 

Superintending Engineer 

GEO* J» OASHEFSKY 

The Director 

CAPTAIN A* Bo JONES, JR** USN 

NAVAL MATERIAL IA BOR A TOR Y 

New York Naval Shipyard 

^“ooklyn lp New York 



Lab* Project 50^6-3* Pör^ 
Fina Î Report 

{fi 

CONFiDENTIAÉ t i'V 

summ 

Three airship fabrics submitted by the Naval Air Station, Lakehurst, 
Now Jersey, were exposed to intense thermal radiation in the laboratory, 
simulating field pulses corresponding to weapon yields of approximately 
I4Û, 100 and I500 KT. The critical radiant exposures of the material as 
measured for these energy releases were correlated with weapon yield. 
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ADMINISTRATIVE INFORMATION 

1, This investigation has been conducted at the Naval Material Laboratory 
as part of the program originally proposed by Commander, New York Naval 
Shipyard Confidential letter S99/L5» Serial 960-92 of 15 March 1950 and 
formally approved by Bureau of Ships Speedletter S99-(0)(3^)» Serial 3^* 
75, of 6 April 1950* The Naval Material Laboratory»s Thermal Radiation 
Studies are under the sponsorship of the Armed Forces Special Weapons 
Project. This particular problem was authorized in a conference of 
AFSWP and Naval Material Laboratory personnel at Washington, D» C. on 

31 May 1956. 

ACKNOWLEDGEMENT 

2. This investigation was prosecuted by personnel of the Optics Section, 
Thermal Radiation Materials Unit, under the supervision of T. I. Monahan* 

INTRODUCTION 

3* As part of its general program on the effects of thermal radiation 
of atomic explosions, the Naval Material Laboratory is evaluating the 
characteristics, under exposure to intense thermal radiation, of the 
various materials of interest to the several agencies of the Department 
of Defense. As data become available, these findings are published* 
Reported below are the critical radiant exposures of three airship 
fabrics, submitted by the Naval Air Station, Lakehurst, New Jersey* A 
relationship correlating the critical radiant exposure for initial 
damage and for destruction of the material, with weapon yield has been 
determined. 

EXPOSURE METHODS AND EQUIPMENT 

I}., The materials consisted of three rubberized fabrics, of which two 
had one surface aluminized (GAC nos* 113 A 100 and 113 A 7D). The third 
material (GAC No. 128 A 170) was black on both surfaces* Specimens for 
exposure were cut into strips, 70 mm x 15 mm, with the longest dimension 
along the warp, as indicated on the specimen sheets by the Naval Air 
Station, Lakehurst, N. J* The specimens were mounted for exposure by 
perforating at one end and hanging from a pin behind a 10 mm wide slit 
cut into a 0*02 inch-thick aluminum sheet* The shield served to protect 
the edges of the specimen from exposure and, thereby, minimize edge 
effects* The specimens were held flat against the slit by tape at the 
bottom of the strip, so that no appreciable tension was applied to the 
fabric* 

5« The source of radiation employed in these experiments was a standard 
Navy 16 mm carbon arc lamp operating at 78 volts and I50 amps* The lamp 
is mounted at the focus of a 36-inch mirror which collimates the radiation* 
A second similar mirror, placed coaxially with the first, condenses the 
radiation at its focus, where the specimens were exposed* 

60 The bomb-simulating thermal pulse is produced by a Venetian blind 
shutter placed in the collimated beam between the mirrors* The shutter 
is driven by an appropriately designed cam geared to a variable speed 
motor. The gear system and motor make possible a wide range of pulse 

times * 
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7* The maximum irradiance In the exposure plane with this lamp, mirror 
and shutter arrangement §s 63 cal/cm^ sec* over a circular area 5 mm In 
diameter, which falls off to 88 percent of maximum over a diameter of 
9 mm* Attenuating screens placed in the coI limated beam reduce the 
irradiance to desired levels* 

8. The exposure time is controlled by a solenoid-driven knife-blade 
shutter which is triggered for opening and closing by the cam. The 
total exposure time Is measured by an electric clock connected with the 
timing cam. 

9® The exposures, for which results are given in the table, were made 
with a pulse whose characteristic is given by the expression; 

Q a 2*06 Hmax tm3X 

where Q is the total radiant exposure for the equivalent field pulse and 
tmax is the time for the Irradiance to reach a maximum (Hraax). The total 
time of the pulse is approximately nine times traax. The values of tmax 
used In these exposures correspond to simulated weapons of 39# 113 and 

I550 KT. The values of Q given irt this report are the radiant exposures 
for the corresponding field pulse. 

10. The spectral reflectances of the three materials were measured In 
the spectral region, 0*39 to 2.7 microns. The radiant absorptances of 
the materials for carbon-arc radiation were computed from these data 
and the spectral energy distribution of the carbon-arc source of intense 
therma I radiation* 

RESULTS 

II* Three stages of degradation of the material were observable on the 
two aluminum surfaced fabrics. These consisted of a visible surface 
changeff destruction of the surface, and destruction of the fabric* The 
black ballonett material exhibited two stages of destruction; first, a 
de lamination or blistering, and, second, destruction of the fabric® 

S2@ The initial phase of destruction on N-II3 A 100, an aluminum 
surfaced basketweave occurred in the range from 26 to lb cal/cnr for 
the three weapon sizes® The heavier N 113 A ?0 shewed initial effects 
in the range from 13 to cal/cm2 for the three weapons. The lighter 
non-a luminized ballonett showed first effects between 3*9 and 6.3 cal/cnr « 
Destruction of the surface and fabric for the N 113 A 100 material was not 
attained for the 39 KT weapon, since sufficient irradiance was not avail¬ 
able; the maximum exposure possible for this t(mfâX) time being 27 cal/cnr® 
For the same reason, the N II3 A ?0 material was not destroyed for î(mx) s 
0*20 sec* The two later stages of destruction for the N I S3 A 100 
material occurred at radiant exposures ranging from I4.3 to U? cal/cnr 
for the 113 and I55O KT weapons, respectively® Sample N 113 A 70 
suffered destruction of the outer surface at radiant exposures ranging 
from 18 to 37 cal/cm^ for all three weapon vie Ids, and complete destruction 
at radiant exposures between 35 and i|2 cal/cm2 for the two larger weapon 
yields® The absorptances end critical radiant exposures of th© materials 
are given In Tab le U 

5 CONFIDENTIAL 



Lab. Project 50i|6“3, Part Iû6 
Final Report 

CONFIDENTIAL 

i 
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TABLE I 

Critical Radiant Exposures 
on Airship Fabrics 

Submitted by 
Naval Air Station 

Lakehurst, New Jersey 

Fabric 

pasketweave, 2 
ply, 16,8 oz/yd2, 

¡GAC No. N- 
n 15 A WO (Airship 
(Types ZSG-4; and 
I ZPG-2) « 

Absorptance 
Description of 

Effect 
,^max 
(sec©) 

fCríFTcan 
Exposure f 
(cal/on2)! 

asketv^ave, \ 
(3 ply, I9J+ oz/yd2,! 
¡GAC No. « 113 A 70 1 
/Airship Types 
IZSG-3). 

Cotton ba I lonett, | 
2 ply, 8.00 oz/yd2 
GAC No. - N 128 A l?0 
(Airship Types 
ZSG-3 & ZPG-2) 

0.352 

0 J4.07 

0.937 

A lumlnized surface 
disco lored. 

A luminized surfacing 
destroyed. 

Fabric destroyed, 
turns brittle end 
crumbles on flexing. 

I A luminized surface 
b I îsters, du Hs« 

Aluminized surfacing 
destroyed. 

Fabric destroyed, turns 
brittle and crumbles 
on flexing. 

I 0.20 
f 0.140 

26 

0.20 
I 0j.f0 
1 1.26 

0c20 
! 0.i|0 
I 1.26 

I 0.20 
I O.I4O 

1.26 

0.20 
O.I4O 
1.26 

0.20 
O.I4O 
1.26 

Î De laminai-es, blister [0.20 
¡raised on front, back. [ 0 JjO 
ï or both surfaces. ) 1.26 

Fabric destroyed. Í 0.20 
turns brittle and O.I4O 
crumbles on flexing. | 1.26 

26 

>27 
h3 

\ bk~l& 

>27 
hi 
hi 

I? 
18 

27 

18 
27 
37 

>27 
35 
1)2 

it-.O 
3.9 
6.3 

9.2 
9.7 

19 
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TABLE 2 

Values of k and a 
for 

Airship Fabrics 

Submitted by 
Naval Air Station 

Lakehurst# New Jersey 

Fabric 
GAC No» 

H 113 A 100 

N II3 A 100 

N li? A 70 

N 113 A 70 

N 128 A 170 

N 128 A 170 

Effect_k_ 

Surface discolored 17 

Fabric destroyed Í4.7 

Surface blisters 7®1 

Fabric destroyed 26 

Delaminates 2,1 

Fabric destroyed U®3 

a 

O.lij. 

0,0 (a) 

0,18 

0,07 

0,18 

0,19 

(a) Based on two points. 
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